Introduction
Programmed cell death (PCD) is an active catabolic process resulting in the degradation of cells through specific enzymatic machinery. It occurs in plants [1, 2] , animals [3, 4] and microorganisms [5, 6] . PCD is a physiological process within the scope of normal cell development and pathogen defense.
Some examples of where plant PCD occurs include xylem vessels (degradation of their protoplasm to facilitate water transportation) [7] , the nucellus, tapetum and embryo suspensor (degradation of their cells, after completion of their nutritional mission) [8, 9] , Citrus oil glands (lysis of the gland central cells to create an essential oil-accumulating cavity) [10] , and cork cells. In animals, PCD occurs in vertebrate neurons, cells between developing digits and Müllerian duct cells, and keratinocytes in the skin [11] . In humans, well-known cases are Alzheimer's and Parkinson's diseases, which are due to necrosis of specific brain neurons [12] .
PCD is also associated with infections caused by different microorganisms. For example, during a microbe attack, cells containing pathogens die, which prevents the spread of infection into other healthy tissues. Cells affected by this kind of PCD are often epidermal cells, which constitute the first line of defense in the plant body. Another example are the bundle sheath cells (cells surrounding the vascular bundles), which often undergo lysis creating a barrier of dead tissue that prevents pathogens from spreading into conductive tissue (and thus spreading to the whole plant body).
Tamarix aphylla is a halophyte which grows in soils rich in sodium chloride. By taking up water from the soil, the plant also takes along the dissolved salt, which at high concentrations within the tissues (hyperosmosis) may result in killing of the plant. In order for the plant Abstract: Background: Tamarix aphylla is a halophyte growing in soils rich in NaCl. Leaves of Tamarix aphylla develop numerous salt glands, which initiate, secrete NaCl, become senescent and eventually die, as part of a programmed process. Dead glands are replaced by new ones, so that only active glands exist on the leaves. Most importantly, these glands remove excess NaCl from the tissues, which protects against hyperosmotic phenomena. Methodology: Leaf pieces were initially fixed with glutaraldehyde and osmium tetroxide, dehydrated in an acetone series, and lastly embedded in Spurr's resin. Semithin sections were observed using a Zeiss Axiostar Plus light microscope and ultrathin sections on a JEM 2000 FXII electron microscope. Results: During gland senescence, secretory cells exhibit a number of ultra-structural features, which include: the formation of autophagic vacuoles, dilation of the nuclear envelope and the endoplasmic reticulum, to protect itself from this undesirable situation, the leaves have adapted to produce a system of numerous salt glands, which secrete excess salt outside of tissues. It is essential for a plant to constantly produce active glands capable of continuously eliminating salt throughout their entire lifetime. Thus, glands which have completed secretion, become senescent and die, become replaced by new glands, which continue secreting salt [13] . The process of how programmed cell death of inactive glands allows new active glands to be formed is described in the present study.
Experimental Procedures
For light microscopy (LM) and transmission electron microscopy (TEM), small segments of T. aphylla leaves were initially fixed for 3 h with 3% glutaraldehyde in 0.05 M phosphate buffer, pH 7.2. After washing in buffer, the segments were postfixed for 3 h with 2% osmium tetroxide (similarly buffered) and then dehydrated in an acetone series. Dehydration was followed by infiltration and embedment in Spurr's resin. Semithin sections for LM were obtained in a Reichert OM U 2 microtome, stained with toluidine blue O and photographed in a Zeiss Axiostar Plus photomicroscope equipped with a Canon Papershot A640 digital camera. Ultrathin sections for TEM were cut using a Reichert-Jung Ultracut E ultramicrotome, stained with uranyl acetate and lead citrate, and examined on a JEM 2000 FXII transmission electron microscope.
Results and Discussion
Salt glands in T. aphylla occur on both sides of the leaf and are sunken in local depressions of the epidermis ( Figure 1A) . Each gland consists of six secretory cells arranged in pairs one upon the other. On the inner pair, two vacuolated cells (collecting cells) are attached, joining the entire gland structure [14] . Active, secretory cells appear to have a dense cytoplasm and stretched walls under the light microscope ( Figure 1A) , whereas senescent secretory cells have folded walls and a shrunken protoplast ( Figure 1B) . Under the electron microscope, secretory cells at the stage of salt secretion contain numerous mitochondria and large nuclei, as well as plastids with a dark stroma and scattered thylakoids ( Figure 1C) . Dictyosomes are dispersed and vacuoles are small with an electron translucent content. When salt secretion is completed, the glands enter senescence. The first gland cells to undergo disorganization are the two collecting cells ( Figure 1D ).
The six secretory cells still retain their functional substructure with no signs of disorganization. However, later within their cytoplasm, numerous autophagic vacuoles develop and this activity results in degeneration of the cells. These vacuoles initially engulf and then enclose portions of cytoplasm, which become degraded (Figure 2A) , while later the nuclear envelope and the endoplasmic reticulum form local or extensive dilations ( Figure 2B) . Here, collecting cells have undergone lysis and appear like a dark mass with no ultrastructure.
At advanced gland degeneration, secretory cells look plasmolysed and organelles (mitochondria, plastids, etc.) appear to lose their typical substructure ( Figure 3A) . Finally, within a lysed salt gland, the cytoplasm of secretory cells is dark and amorphous (as previously seen in collecting cells), whereas the extraplasmic spaces greatly increase in volume ( Figure 3B ). Salt glands of T. aphylla successively pass during their developmental course through the stages of initiation, full formation, secretion, senescence, and lysis. Completion of salt secretion is followed by entering of the glands the stage of senescence. At this stage, in the cytoplasm of the secretory cells, numerous autophagic vacuoles develop which engulf and digest portions of cytoplasm. When no cytoplasmic remnants exist within the vacuoles, the latter perform engulfment again and enclose new portions of cytoplasm. This process continues in this fashion until the mass of the cytoplasm is progressively reduced. This ultimately leads to the disintegration of the secretory cells within the frame of a programmed developmental process.
Hydrolytic enzymes found in the sap of autophagic vacuoles are reported to be different kinds of proteases (legumains, cystein proteinase, aspartic proteinase, carboxpeptidase, etc.) biosynthesized in the endoplasmic reticulum (ER) [15, 16] . From the ER, with the assistance of vesicles, proteins enter the vacuole by fusion of the vesicle membranes with the tonoplast [17] . Proteases operate not only within the vacuole, but they are also reportedly released from the vacuole to the cytoplasm either by tonoplast rupture [18] or by tonoplast destabilization [19] .
Typical ultrastructural signs of salt gland senescence leading to PCD were observed in T. aphylla and comprise dilation of the nuclear envelope and the ER, a separation of protoplast (plasma membrane) from the cell wall, and a significant increase in cytoplasm electron density. Dilation of the nuclear envelope and ER has also been reported to occur in disintegrated seed aleurone cells [20] , high electron density of the cytoplasm, in lysed embryonal cultured cells [21] , and a plasmolysis feature, in the degenerated root prostelar cells [22] . 
